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SENSOR ASSEMBLY 
Background of the Invention 

The present invention relates to a new and improved 
sensor assembly which may be utilized to provide an 
output indicative of the position of a vehicle steering 
wheel or other rotatable article. 

A known sensor assembly includes a rotor on which a 
permanent magnet is disposed. The permanent magnet has a 
spiral or curved form. A stator is provided with two 
gaps. One of the gaps in the stator is a straight, 
radially extending gap. A magnetic-field-sensitive 
element is disposed in the straight, radially extending 
gap. The second gap in the stator has a curved 
configuration. A sensor assembly having this 
construction is disclosed in U.S. Patent No. 6,433,538. 
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Summary of the Invention 

The present invention provides a new and improved 
sensor assembly. The sensor assembly includes a magnet 
disposed on a rotatable component of the sensor assembly. 
The magnet has an arcuate configuration with an inner end 
5 portion of the magnet disposed closer to an axis about 

which the rotatable component rotates than an outer end 
portion of the magnet. 

The magnet on the rotatable component may 
advantageously form a spiral . The spiral may extend for 
10 one turn around the axis about which the rotatable 

component rotates. 

A sensing device senses a magnetic flux field 
provided by the magnet . The sensing device may be 
disposed further from an axis about which the rotatable 
15 component rotates than the outer end portion of the 

magnet . 

A code wheel may be provided in association with the 
rotatable component. The rotatable component may be 
driven through a portion of a revolution for each 
20 revolution of the code wheel. 

Although the sensor assembly may be utilized in many 
different environments, in one specific instance, the 
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code wheel was rotatable with a vehicle steering wheel. 
In this specific instance, the output from the sensing 
device was a function of rotation of the steering wheel. 
The present invention has features which may be 
5 utilized together in the manner disclosed herein. 

Alternatively, the various features of the present 
invention may be used separately or in different 
combinations with each other. For example, it is 
contemplated that the rotatable component may be used 

10 with or without the code wheel . Although a sensor 

assembly constructed in accordance with the present 
invention is advantageously utilized in association with 
a vehicle steering wheel, it should be understood that 
the sensor assembly may be utilized in association with 

15 rotatable articles other than steering wheels. 

Brief Description of the Drawings 

The foregoing and other features of the invention 
will become more apparent upon consideration of the 
following description taken in connection with the 
20 accompanying drawings wherein: 
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Fig. 1 is a schematic illustration depicting the 
relationship of a steering wheel to steerable vehicle 
wheels and to a steering angle sensor assembly; 

Fig. 2 is an enlarged schematic illustration 
5 depicting components of the steering angle sensor 

assembly of Fig. 1; 

Fig. 3 is a schematic illustration, on a reduced 
scale, of the components of the steering angle sensor 
assembly of Fig. 2, the components of the steering angle 
10 sensor assembly being illustrated in Fig. 3 in a position 

corresponding to a hard turn in a first direction; 

Fig. 4 is a schematic illustration, generally 
similar to Fig. 3, with a components of the steering 
angle sensor assembly in a position corresponding to a 
15 hard turn in a second direction opposite to the first 

direction; and 

Fig. 5 is an enlarged fragmentary illustration of a 
portion of the components of the steering angle sensor 
assembly of Fig. 2. 
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Description of One Specific 
Preferred Embodiment of the Invention 

An apparatus 10 for use in steering a vehicle is 

illustrated schematically in Fig. 1. The apparatus 10 

5 includes a steering wheel 12 which is connected with 

steerable vehicle wheels 14 and 16 through a steering 

column 18. Rotation of the steering wheel 12 turns the 

vehicle wheels 14 and 16 to effect the turning of a 

vehicle in a known manner. 

10 A steering angle sensor assembly 22 is connected 

with the steering wheel 12 and steerable vehicle wheels 
14 and 16 through the steering column 18 . The steering 
angle sensor assembly 22 has an output which varies as a 
function of rotation of the steering wheel 12. The 

15 output from the steering angle sensor assembly 22 varies 

with variations in the speed of rotation of the steering 
wheel 12, the angular position of the steering wheel, and 
the direction of rotation of the steering wheel. 

The output from the steering angle sensor assembly 

20 22 is conducted over a cable 24 to a vehicle stability 

control system. However, it is contemplated that the 
output from the steering angle sensor assembly 22 may be 
conducted to other control systems. For example, the 
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output from the steering angle sensor assembly 22 may be 
conducted to a control system for a motor which provides 
power to turn the steerable vehicle wheels 14 and 16. 
The motor which provides power to turn the steerable 
5 vehicle wheels 14 and 16 may be an electric motor. 

The steering angle sensor assembly 22 includes 
components 30 which are illustrated in Fig. 2. The 
components 3 0 include a code wheel 32 and a driven 
component or index wheel 34. The code wheel 32 is 
10 connected with the steering wheel 12 and steering column 

18. The code wheel 32 rotates with the steering wheel 
12. The code wheel 32 rotates about its central axis 38 
which is coincident with a central axis of the steering 
column 18. 

15 The driven component or index wheel 34 is rotatable 

about its central axis 42 (Fig. 5) . The central axis 42 
of the index wheel 34 extends parallel to the central 
axis 38 (Fig. 2) of the code wheel 32. 

When the steerable vehicle wheels 14 and 16 are in 

20 the straight ahead orientation of Fig. 1, the code wheel 

32 and index wheel 34 are in the orientation illustrated 
in Fig. 2. When the steering wheel 12 is rotated through 
a plurality of revolutions to turn the steerable wheels 
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14 and 16 to effect a hard turn of a vehicle in one 
direction, for example to the left, the code wheel 32 and 
index wheel 34 move to the relationship illustrated in 
Fig. 3. When the steering wheel 12 is rotated through a 
5 plurality of revolutions to turn the steerable wheels 14 

and 16 to effect a hard turn of the vehicle in the 
opposite direction, for example to the right, the code 
wheel 32 and index wheel 34 move to the relationship 
illustrated in Fig. 4. 

10 The index wheel 34 is driven at a rate which is a 

predetermined function of the rate of rotation of the 
code wheel 32 and steering wheel 12. It is contemplated 
that the index wheel 34 may be driven at a rate which is 
any one of many different functions of the rate of 

15 rotation of the code wheel 32. In the embodiment of the 

invention illustrated in Figs. 2-5, the index wheel 34 
is rotated through sixty degrees each time the code wheel 
32 is rotated through a complete revolution. 

Although the index wheel 34 may be continuously 

20 driven during rotation of the code wheel 32, in the 

embodiment of the invention illustrated in Figs. 2-5, 
the index wheel 34 is intermittently rotated in a step- 
wise manner. Each time the code wheel 32 and steering 
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wheel 12 rotate through one half of a revolution, the 
index wheel 34 is rotated through thirty degrees. 
However, the index wheel 34 is only rotated through less 
than one hundred and eighty degrees from the initial or 
5 straight ahead orientation of Figs. 2 and 5. 

In the illustrated embodiment of the invention, the 
code wheel 32 is provided with a pair of drive pins 46 
and 48 (Fig. 2) . The drive pins 46 and 48 are fixedly 
connected to the code wheel 32. The drive pins 46 and 48 

10 have central axes which extend parallel to the central 

axis 38 of the code wheel. 

The index wheel 34 is provided with a plurality of 
index recesses 50 (Fig. 5) . The index recesses 50 are 
disposed in an annular array about the periphery of the 

15 index wheel 50. The index recesses are configured to 

engage the drive pins 46 and 48. 

The drive pins 46 and 48 sequentially move into and 
out of engagement with the index recesses 5 0 in the index 
wheel 34 during rotation of the code wheel 32. The index 

20 pins 46 and 48 sequentially rotate the index wheel 34 

through a portion of a revolution, that is, thirty 
degrees, as one of the drive pins 4 6 or 4 8 moves into and 
out of engagement with an index recess 50. 



When a drive pin 4 6 or 4 8 moves out of engagement 
with one of the index recesses 50 in the index wheel 34, 
a detent member 54 (Fig. 5) is moved partway into one of 
the index recesses 50 by a biasing spring 56. The detent 
member 54 engages the outer end portion of an index 
recess 50. Therefore, the detent member 54 can be cammed 
out of the index recess 50 when a drive pin 46 or 48 
again engages the index wheel and rotates the index 
wheel . 

It should be understood that the index wheel 50 may 
be held against rotation, in the absence of engagement of 
one of the drive pins 4 6 or 48 with an index recess 50, 
in a different manner if desired. For example, a 
friction clutch may be provided in association with the 
index wheel 34. Alternatively, a detent may engage 
recesses in a shaft connected with the index wheel 34 . 

In the embodiment of the invention illustrated in 
Figs. 2 and 5, the drive pins 4 6 and 4 8 engage the 
recesses 50 to intermittently rotate the index wheel 35. 
However, a different type of intermittent drive mechanism 
may be used if desired. For example, a Geneva drive 
mechanism may be used. Alternatively, a continuous drive 
mechanism, such as a gear drive, may be used if desired. 



The code wheel 3 2 is provided with an annular code 
ring 60 (Fig. 2) having indicia or code markings 62. The 
code markings 62 are read by a scanner 64 . The scanner 
64 has an output which is conducted over a lead 70 in the 
cable 24 to a control system. The output conducted from 
the scanner 64 varies as a function of variations in the 
code markings 62 read by the scanner. 

The code markings 62 read by the scanner 64 provide 
an indication of the location of the code wheel 32 in a 
single revolution of the code wheel. However, the code 
markings 62 read by the scanner 64 do not provide an 
indication of the number of revolutions which the code 
wheel 32 has made. This is because each time the code 
ring 6 0 is rotated through a complete revolution, the 
scanner 64 reads the same code markings 62 in the code 
ring 60. 

In order to keep track of the number of revolutions 
which have been made by the code wheel , a sensor assembly 
74 (Fig. 5) is provided in association with the index 
wheel 34. The output from the scanner 64 indicates where 
the steering wheel 12 is located in a revolution of the 
steering wheel. The output from the sensor assembly 74 
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indicates the number of revolutions through which the 
steering wheel 12 has been rotated. 

A magnet 78 is fixedly connected to the index wheel 
34. The magnet 78 has an arcuately curving 
5 configuration. In the embodiment of the invention 

illustrated in Fig. 5, the magnet 78 has the 
configuration of a spiral which progresses outward away 
from this axis 42 of rotation of the index wheel 34. The 
spiral shaped magnet 7 8 extends for one complete turn 
10 around the axis 42 about which the index wheel 34 

rotates . 

The spiral shaped magnet 7 8 has an inner end portion 
80 (Fig. 5) which is disposed relatively close to the 
axis 42 of rotation of the index wheel 34. In addition, 

15 the magnet 78 has an outer end portion 82 which is 

disposed relatively close to the periphery of the index 
wheel 34. The outer end portion 82 of the magnet 78 is 
spaced further from the axis 42 than is the inner end 
portion 80 of the magnet. The outer end of the magnet 78 

20 is radially aligned with the inner end of the magnet. 

The distance between the magnet 78 and in the 
periphery of the circular index wheel 34 gradually 
decreases as the magnet winds radially outward from the 
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inner end portion 8 0 of the magnet to the outer end 
portion 82 of the magnet. The sensor assembly 74 is 
disposed radially outward from the outer end portion 82 
of the magnet 78. During rotation of magnet 78 and index 
wheel 34 about the axis 42, the radially outer end 
portion 82 of the magnet moves along a circular path 
which is closer to the sensor assembly 74 than a circular 
path along which the inner end portion 8 0 of the magnet 
moves. Throughout rotation of the index wheel 34 about 
the axis 42, a portion of the magnet 78 is disposed 
radially inward from the sensor assembly 74. 

When the index wheel 34 is in the centered or 
initial position corresponding to the steerable wheels 14 
and 16 being in a straight ahead orientation (Figs. 2 
and 5) , the sensor assembly 74 is close to a central 
portion 86 (Fig. 5) of the magnet 78. Therefore, if the 
index wheel 34 is rotated in a clockwise direction (as 
viewed in Fig. 5) from the centered or initial position, 
the distance between the magnet 78 and the sensor 
assembly 74 increases. Similarly, if the index wheel 24 
is rotated in a counterclockwise direction from the 
central or initial position of Fig. 5, the distance 
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between the magnet 7 8 and the sensor assembly 74 
decreases . 

Although the sensor assembly 74 has been illustrated 
as being disposed radially outward from the periphery 'of 
the index wheel 34, it is contemplated that the sensor 
assembly may be disposed at a location radially inward 
from the peripheral edge portion of the index wheel 34. 
For example, the sensor assembly may be disposed radially 
inward of the annular array of index recesses 50 and 
disposed axially outward of the index wheel 34. 

The sensor assembly 74 is magnetic flux field 
sensitive. As the index wheel 34 rotates, the distance 
between the sensor assembly 74 and the magnet 78 changes. 
The strength of the magnetic flux field to which the 
sensor assembly 70 is exposed changes as the distance 
between the sensor assembly and the magnet 78 changes. 
An output signal transmitted from the sensor assembly 74 
over a lead 90 (Fig. 5) in the cable 24 (Fig. 1) to a 
control system changes with changes in the magnetic flux 
field to which the sensor assembly 74 is exposed. The 
output signal from the sensor assembly 74 varies as a 
function of variations in strength of a magnetic flux 
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field provided by the magnet 78 at the sensor assembly 
74 . 

The sensor assembly 74 (Fig. 5) is a ratio metric 
Hall effect device. However, the sensor assembly 74 may 
be formed by other known devices which are magnetic field 
sensitive. For example, the sensor assembly 74 may be a 
giant magneto resistive device, a Wiegand device, or 
other similar device. 

When the steerable vehicle wheels are in a straight 
ahead orientation, the code wheel 32 and index wheel 34 
are in the positions illustrated in Figs. 2 and 5. At 
this time, the sensor assembly 74 is disposed adjacent to 
the central portion 86 of the spiral shaped magnet 78. 
The output from the sensor assembly 74 is indicative of 
this orientation of the magnet 78 and index wheel 34. 

When the steering wheel 12 and code wheel 3 8 are 
rotated through less than one half of a revolution in a 
clockwise direction, the drive pin 48 (Fig. 5) is 
effective to rotate the index wheel 34 in a 
counterclockwise direction relative to the sensor 
assembly 74. As this occurs, the drive pin 48 moves out 
of engagement with an index recess 50 in the index wheel 
34. At the same time, the detent member 54 moves into 
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engagement with an index recess 50 and rotation of the 
index wheel 34 is interrupted. 

As the index wheel 34 rotates in a counterclockwise 
direction from the position shown in Fig. 5, the distance 
5 between the magnet 78 and sensor assembly 74 decreases. 

This increases the strength of the magnetic flux field to 
which the sensor assembly 74 is exposed. Therefore, the 
output from the sensor assembly 74 changes. 

The output from the scanner 64 also changes as the 

10 steering wheel 12 and code wheel 32 rotate in a clockwise 

direction. The output from the scanner 62 is indicative 
of the extent of rotation of the steering wheel 12 within 
one revolution from its straight ahead orientation for 
the steerable wheels 14 and 16. 

15 As the steering wheel 12 and the code wheel 3 2 

continue to rotate in a clockwise direction (as viewed in 
Fig. 2) , the drive pin 4 6 moves into engagement with one 
of the index recesses 50 in the index wheel 34. 
Continued rotation of the steering wheel 12 and code 

20 wheel 32 causes the drive pin 46 to resume rotation of 

the index wheel 34 in a counterclockwise direction. As 
this occurs, the magnetic flux field sensed by the sensor 
assembly 74 again changes as the outer end portion 82 of 
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the magnet 78 moves toward the sensor assembly 74. As 
the drive pin 4 6 moves out of engagement with one of the 
index recesses 50, the detent member 54 enters an index 
recess to hold the index wheel 34 against rotation. 

Continued clockwise rotation of the steering wheel 
12 and code wheel 32 causes the drive pin 48 to again 
rotate the index wheel 34 in a counterclockwise direction 
relative to the sensor assembly. This results in the 
distance between the sensor assembly 74 and the magnet 78 
decreasing as the outer end portion 82 of the spiral 
shaped magnet 78 approaches the sensor assembly. 
Decreasing the distance between the sensor assembly 74 
and the magnet 78 increases the strength of the magnetic 
field to which the sensor assembly is exposed. This 
results in a change in the output from the sensor 
assembly 74. As the drive pin 48 moves out of engagement 
with an index recess 50 in the index wheel 34, a detent 
member 54 moves into engagement with an index recess to 
again hold the index wheel against rotation. 

The changing output from the sensor assembly 74 with 
rotation of the index wheel 34 enables a control system 
connected with the steering angle sensor assembly 22 
(Fig. 1) to determine the extent to which the steering 
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wheel 12 and code wheel 32 have been rotated about the 
central axis 38 of the steering column 18. Therefore, 
the control system can determine the angle through which 
the steerable vehicle wheels 14 and 16 have been turned. 
5 If the steering wheel 12 is rotated in a 

counterclockwise direction, the code wheel 32 is also 
rotated in a counterclockwise direction. This results in 
the drive pins 46 and 48 rotating the index wheel 34 in a 
clockwise direction. Clockwise rotation of the index 

10 wheel 34 moves the inner end portion 80 of the magnet 78 

toward the sensor assembly 74 (Fig. 5) . Therefore, the 
distance between the magnet and the sensor assembly 
increases as the steering wheel 12 is rotated in a 
counterclockwise direction . 

15 in addition to providing outputs indicative of the 

position of the steerable vehicle wheels 14 and 16, the 
scanner 64 and sensor assembly 74 have outputs which 
indicate the speed of rotation of the steering wheel 12 . 
Thus, the faster the steering wheel 12 is rotated, the 

20 faster the code ring 60 is moved relative to the scanner 

64 and the shorter the time between indexing steps of the 
index wheel 34 and magnet 78 about the central axis 42 of 
the index wheel. This enables the control system 
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connected with the scanner 64 and sensor assembly 74 to 
determine the rate of rotation of the steering wheel 12. 

The magnet 78 may have any one many different known 
constructions. Thus, the magnet 78 may be formed as a 
5 single piece of metal having the spiral configuration 

illustrated in Fig. 5. Alternatively, the magnet may be 
of the plastic-filled sheet type. If desired, the magnet 
7 8 may be formed of pressed powder. 

The magnet 7 8 may be secured to the index wheel 34 

10 in any one of many different ways. In the specific 

example illustrated in Fig. 5, a spiral frame 96 is 
fixedly connected to the index wheel 34. The magnet 78 
is held in place in the spiral frame by suitable 
fasteners, such as adhesive or mechanical fasteners. 

15 From the above description of the invention, those 

skilled in the art will perceive improvements, changes 
and modifications. Such improvements, changes and 
modifications within the skill of the art are intended to 
be covered by the appended claims. 
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